An ethanol extract of the dried aerial of Pedicularis densispica Franch (Scrophulariaceae) afforded a new lignan, densispicoside (1), and two new iridoids, densispicnin C and D (14, 15), together with four lignans, ( (4), longifloroside B (5), eight phenylpropanoids, 4-O-β -D-glucopyranosyl-sinapic acid methyl ester (6), 3-(4-hydroxy-3-methoxyphenyl)-1,2,3-propantriol (7), citrusin C (8), robustaside B (9), verbascoside (10), martynoside (11), 2 -O-acetylverbascoside (12), cis-martynoside (13), and two iridoid glycosides, shanzhiside methyl ester (16), and 8-epiloganin (17). Their structures were established on the basis of chemical and spectroscopic studies. Bioactivity results indicate that P. densispica shows activity on PAI-1 antithrombus assay in vitro and antifatigue activities in vivo.
Introduction
In China, the genus Pedicularis (Scrophulariaceae) is represented by 329 species [1] . Of these, many have been used in the traditional Chinese medicines to treat diuresis, exhaustion, collapse, and senility [2] . Pharmacological studies on phenylpropanoids from Pedicularis showed that they had strong scavenging effects on superoxide and anti-oxidant effects [3, 4] . In a previous paper [5] , we have reported the isolation and structure elucidation of iridoids from P. densispica. From our current research of this plant, we now report the isolation and structure elucidation of three new compounds, densispicoside (1), densispicnin C (14) , and densispicnin D (15) , obtained along with fourteen known compounds ( Fig. 1 ). In addition, we also report on the biological activities of P. densispica.
Results and Discussion
Compounds 2 -13, 16 -17 were identified spectroscopically as ( [7] , syringaresinol mono-β -D-glucopyranoside (4) [8] , longifloroside B (5) [9] , 4-O-β -D-glucopyranosyl-sinapic acid methyl ester (6) [10], 3-(4-hydr-0932-0776 / 11 / 0600-0641 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com oxy-3-methoxy-phenyl)-1,2,3-propantriol (7) [11] , citrusin C (8) [12] , robustaside B (9) [13] , verbascoside (10) [14] , martynoside (11) [15] , 2 -O-acetylverbascoside (12) [16] , cis-martynoside (13) [17] , shanzhiside methyl ester (16) [18] , and 8-epiloganin (17) [19] .
Compound 1 was obtained as a colorless amorphous powder. The molecular formula of 1 was determined to be C 26 (2) [6] indicated that they had similar structures (see Table 1 ). The anomeric proton of glucose at δ H = 4.26 (1H, d, J = 8.0 Hz, H-1 ) suggested that the glucose was in β -orientation. The sugar linkage was determined on the basis of HMBC experiments (Fig. 2) . A cross peak of 1 H, 13 C long range coupling was observed between the proton signal at δ H = 4.26 (1H, d, J = 8.0 Hz, H-1 of Glc) and the carbon signal at δ C = 71.7 (CH 2 , C-3a), indicating that the β -D-glucose was linked at C-3a. Correlations between δ H = 2.25 (1H, m, H-3) and δ H = 2.67 (1H, dd, [20] , implying that H-4 was in β -orientation. Thus, the structure of 1 was identified as shown in Fig. 1 , and the compound was named densispicoside.
Compound 14 was obtained as a colorless solid. The molecular formula of 14 was determined Table 1 . 1 H (500 MHz) and 13 C NMR (100 MHz) data of compounds 1 and 2 (in CD 3 OD, J values in Hz in parentheses). 13 C NMR (DEPT) spectra (see Table 2 ) of 14 revealed the presence of one methyl, four methylene, three methine, and two quaternary carbon atoms. In the HMBC experiment, long-range correlations were observed between the following protons and carbons: H-1 and C-3, C-9; H-4 and C-3; H-5 and C-4, C-6, C-9; H-9 and C-5; H-10 and C-8; H-11 and C-3 (Fig. 2) . On the basis of the above evidence, compound 14 was shown to have a monoterpene structure closely related to that of mussaenin A [5] . The ROESY (Fig. 2 ) correlation of δ H = 3.14 (H-5) with δ H = 2.34 (1H, dd, J = 10.5, 4.7 Hz, H-9) suggested that H-5 and H-9 were both in β -orientation in accordance with those of mussaenin A [21] . H-4 was determined to be in β -orientation because a correlation between H-4 and H-5 can be observed in its ROESY spectrum. Thus, the structure of 14 was established as shown in Fig. 1 , and the compound was named densispicnin C. Fig. 2 ). The ROESY correlation of H-5 with H-9 suggested that the configuration of H-5 and H-9 were in accordance with those of natural iridoid compounds. Considering that without the correlation between H-5 with H-10 and with the same chemical shifts as the ones for crescentin IV [22] , the configuration of C-8 was comparable with that of crescentin IV. Consequently, the structure of 15 was elucidated as shown in Fig. 1 , the compound being designated densispicnin D.
According to the methods described previously [23 -25] , extracts of P. densispica in ethanol, petroleum ether, EtOAc, and n-BuOH were tested for antitumor activities in cathepsin B, and CDC25 phosphatase inhibition assays (CAT-B, CDC25) and on cancer cell lines (CCLT) in vitro. They also were tested for antiosteopororsis, antithrombus and antiglycogen metabolism activities on cathepsin K, plasminogen activator inhibitor 1 and protein phosphatase 1 inhibition assays (CAT-K, PAI-1, PP1) in vitro, respectively. Results indicated that the petroleum ether extract of P. densispica showed activities in the PAI-1 assay. Extracts of P. densispica in ethanol, petroleum ether, EtOAc, n-BuOH and water were tested for antifatigue activities in mice. Results indicated that n-BuOH and water-dissolved extracts showed antifatigue activities in vivo. It is very interesting that verbascoside (10) and martynoside (11) are the most abundant components of P. densispica and were tested for antifatigue activities in mice [26] . Results indicated that two compounds showed antifatigue activities in vivo. The bioactivity studies suggest that phenylpropanoid constituents may be the substantial basis for the antifatigue bioactivity of P. densispica.
Experimental Section

General
Optical rotations were measured with a Horbia SEAP-300 polarimeter. IR spectra were obtained on a Bio-Rad FTS-135 spectrophotometer with KBr pellets. UV spectra were taken on a Shimadzu 2401PC spectrophotometer. EI, FAB-MS and HR-FAB-MS were recorded on a VG Auto Spec-3000 spectrometer. 1D and 2D NMR spectra were recorded on a Bruker AM-400 and a DRX-500 spectrometer with TMS as internal standard. Column chromatography was performed over silica gel (200 -300 mesh, Qingdao Marine Chemical Inc., China)
